Abstract. Calyceal diverticula are rare outpouchings of the upper collecting system lying within the renal parenchyma. These often contain stones, however, carcinoma within a calyceal diverticulum is uncommon. The present study reports a case of invasive urothelial carcinoma within a calyceal diverticulum associated with renal stones. A 70-year-old male with a left renal mass identified by abdominal computed tomography was referred to the Department of Urology, Kanazawa University Hospital. Pre-operative diagnosis was difficult owing to an atypical imaging finding of a hypovascular renal mass with calcification. A laparoscopic nephroureterectomy was performed, and the surgical specimens showed invasive high-grade urothelial carcinoma within a calyceal diverticulum, and the calcifications were renal stones consisting of 97% calcium oxalate. Urothelial carcinoma in calyceal diverticula is a rare condition, however, a pre-operative definite diagnosis is difficult and a high potential for invasion of the renal parenchyma is suspected in this disease.
Introduction
Calyceal diverticula are rare outpouchings of the upper collecting system lying within the renal parenchyma, and are found in 0.21-0.6% of intravenous urograms that are performed on adults (1) (2) (3) (4) . The majority of patients with calyceal diverticula are asymptomatic, and they are diagnosed when imaging is performed for other reasons (2) . Calyceal diverticula often contain stones, and the treatments for urolithiasis should be performed in patients with chronic pain, recurrent urinary tract infection, gross hematuria or decline in renal function (1, 2) . Upper tract urothelial carcinoma is a relatively uncommon disease, accounting for 5% of all urothelial carcinomas with an annual incidence of 2 cases per 100,000 individuals (5). Due to the low incidence of the disease, mortality rate remains unknown and limited clinical evidence is available regarding treatment (5). Carcinoma within a calyceal diverticulum is highly rare (6) (7) (8) . The present study reports a case of invasive urothelial carcinoma within a calyceal diverticulum associated with renal stones. It was difficult to make a definitive pre-operative diagnosis owing to atypical imaging findings of the renal mass. Written informed consent was obatined from the patient.
Case report
In November 2013, a 70-year-old male with diabetes mellitus and hypertension underwent a routine health checkup by a local general practitioner, and a slightly high value of serum carbohydrate antigen (CA)19-9 level (36 U/ml; normal range, <35 U/ml) was found. A left renal mass was detected by abdominal computed tomography (CT) and the patient was accordingly referred to the Department of Intergrative Cancer Therapy and Urology, Graduate School of medical Science, Kanazawa University (Kanazawa, Japan) in January 2014.
Abdominal CT and magnetic resonance imaging revealed a hypovascular renal tumor, 7 cm in diameter, with calcification (Fig. 1) . Retrograde pyelography showed multiple calcifications outside the renal calyx, and a small amount of contrast media accumulated around the calcifications (Fig. 2) . Urine cytology from the left pelvis revealed atypical cells. Although no pre-operative definitive diagnosis could be made, these findings could have indicated a renal tumor within a calyceal diverticulum.
A left laparoscopic radical nephroureterectomy by retroperitoneal approach was performed. A massive tumor, 8.0x5.0x4.5 cm in size, was resected and surgical specimens revealed multiple calcifications that were identified as renal stones consisting of 97% calcium oxalate and 3% calcium phosphate (Fig. 3) . Microscopically, the tumor was composed of high-grade invasive urothelial carcinoma and squamous differentiated tumor cells extending into the renal cortex (Fig. 4) (9) . Administration of tegafur-uracil (300 mg, daily) was begun as adjuvant chemotherapy at two weeks post-surgery and was continued for six months. The serum CA19-9 level normalized after surgery. No recurrent findings were observed during the follow-up period of 12 months.
Discussion
Urothelial carcinoma within calyceal diverticula is extremely rare, and formation of a definitive diagnosis prior to surgery is difficult (6-8). Zuckerman et al reported a case of a calyceal diverticular urothelial (transitional cell) carcinoma found during percutaneous nephrolithotripsy (6), however, in other cases (7, 8) , including the present case, the diagnosis was confirmed following radical nephroureterectomy or simple nephrectomy. Cases of urothelial carcinoma associated with renal stones have been reported, however, pre-operative imaging findings of urothelial carcinoma associated with renal stones can complicate the pre-operative diagnosis further (6) (7) (8) . In one previous study, although malignancy was found in ~50% of the patients who underwent nephrectomy to treat a stone disease in a non-functioning kidney, the lesion was observed on preoperative imaging in only 29% of those patients (10) . As the mechanism resulting in stone-related urothelial malignancies, chronic irritation and infection may play a significant role in the development of renal pelvis/ureter or bladder cancer (11). There have been several studies on the correlation between squamous cell carcinoma and stones in the urinary tract, and the pathological findings in the present case showed high-grade invasive urothelial carcinoma and squamous differentiated tumor cells. Although the origins of urothelial malignancies associated with stones remain unclear, chronic irritation and infection due to stones may accelerate the differentiation of urothelial carcinoma. As stones can be found in up to 50% of calyceal diverticula (2), a possible diagnosis of urothelial malignancy should be considered in patients with calyceal diverticula. Based on the 7th AJCC/UICC TNM staging system (9), the present case was diagnosed as pT3 invasive renal pelvic cancer. An increasing level of attention has recently been focused on using a renal pelvic pT3 subclassification to distinguish between microscopic infiltration of the renal parenchyma (pT3a) and macroscopic infiltration or invasion of the peripelvic adipose tissue (pT3b) (12, 13) . A previous study demonstrated that the 10-year recurrence-free (pT3a, 58% vs. pT3b, 38%; P<0.001) and cancer-specific (pT3a, 60% vs. pT3b, 39%; P=0.002) survival rates were decreased in patients with pT3b disease (13) . Another subclassification has also been proposed: pT3a, in which urothelial carcinoma of the renal pelvis (UCRP) extends only into the renal medulla, and pT3b, in which UCRP extension into the renal cortex is present and/or in which UCRP exhibits peripelvic fat invasion (14) . In the study using this second subclassification, the five-year cancer-specific survival rates were 84.6 and 37.3% for pT3a and pT3b, respectively (14) . The present case was diagnosed as pT3b using each of the subclassification systems, and careful follow-up has been indicated.
Deep invasion in urothelial carcinoma within a calyceal diverticulum is an notable clinical problem. In the study by Zuckerman et al, the definite pathological diagnosis in the subsequent laparoscopic radical nephroureterectomy was high-grade transitional cell carcinoma invading the parenchyma (6). Although there is no consensus on the cause of calyceal diverticula, one possible cause is derived from dysfunction within the sphincters surrounding the calyces that facilitate synchronized filling and emptying (2) . Such calyceal achalasia results in chronic inefficient emptying, progressive dilatation proximal to the sphincter and subsequent formation of a diverticulum (2) . In this situation, possible thinness or loss of the sphincter surrounding the calyceal diverticula mucosa may result in tumor invasion across the sphincter muscle layer. Close examination is indicated in urothelial malignancies within calyceal diverticula in the clinical setting.
In conclusion, this study presented the case of a 70 year old male with invasive urothelial carcinoma within a calyceal diverticulum, that was associated with renal stones. Urothelial carcinoma in calyceal diverticula is a rare condition, and the pre-operative definite diagnosis in the present case was difficult. The current study revealed that this disease exhibits a high potential for invasion of the renal parenchyma. Thus, we hypothesize that invasive urothelial carcinoma should be considered as one of the differential diagnoses in patients with renal masses that are associated with renal stones, which exhibit atypical imaging findings.
